Summay.-During the last twenty-five years, the contextual interference effect has been thoroughly studied. This review finds that the effect is relatively robust in basic research, but considerably weaker in applied settings. Motor learning scholars have urged practitioners to develop instructional strategies based upon the inferences of the contextual interference effect. The smaller effects seem to indicate that the concept may have more limited use for the physical educator. It appears that the generalization of procedures from other domains may not adequately accommodate the complexity of motor skills. Manipulating the task difficulty, both nominal and functional, and the contextual continuum may be a promising route for the practitioner.
Traditionally, scholars of motor learning have sought to bridge the gap between theory and practice by making their research findings relevant to practitioners (Christina, 1989; Schmidt, 1989; Magill, 1990) . Some authors of motor learning textbooks have developed instructional strategies based upon research findings (Rose, 1997; Kluka, 1999; Coker, 2004; Schmidt & Wrisberg, 2004; Magill, 2005; Schmidt & Lee, 2005) . The contextual interference effect has been one such finding that researchers have attempted to apply in pedagogical settings. Battig (1966) first identified this practice peculiarity or counterintuitive effect in verbal learning studies. The contextual interference phenomenon refers to the relatively consistent finding that practicing several related tasks in a randomized order, defined as high contextual interference, results in inferior performance during acquisition, but enhances retention and transfer in comparison to a blocked or repeating practice schedule. Conversely, when tasks are practiced in a blocked or repeating schedule, or low contextual interference, acquisition is enhanced while retention and transfer performances are inferior relative to a random practice schedule. Since Shea and Morgan (1979) published their pioneering study on the contextual interference effect in motor learning, an extensive body of research has been produced in the discipline (Magdl & Hall, 1990 for reviews; Brady, 1998 Brady, , 2004 . In recent years the contextual interference effect has been demonstrated in a variety of tasks outside the area of motor learning, further evidence of its widespread application. These tasks include chi- ropractic (Enebo & Shenvood, 2005) , knot-tying (Ollis, Button, & Fairweather, 2005) , vocabulary (Schneider, Healy, & Bourne, 2002; Sasaki, 2008) , handwriting (Ste-Marie, Clark, Findlay, & Latimer, 2004) .
Based upon the results of their study, Shea and Morgan (1979) advised instructors to teach several skills simultaneously in a practice session, so as to maximize retention and transfer benefits. In addition, these researchers claimed that it was feasible to sacrifice early progress during acquisition in favor of achieving later success as measured by retention and transfer tests by adhering to a randomized practice schedule. Magill (1992) noted that while motor learning researchers claimed to use their findings to facilitate learning motor skills, the contextual interference effect seemed to have clear implications for the practitioner. Schmidt (1988) clearly endorsed the pedagogical applications of the contextual interference effect; he stated that it led to large differences in learning as well as representing a stable principle of motor learning. The ongoing research since the seminal study of Shea and Morgan has established some of the boundary conditions for the contextual interference effect. From their review of the related literature, Magill and Hall (1990) concluded that the findings from basic research were robust, while those from applied research were relatively weaker. Brady (1998) corroborated the conclusions of Magill and Hall, but added the effect was mediated by age, skill level, type of task, amount of practice and the amount of contextual interference. Though the application of the contextual interference effect continues to have strong support from a cadre of scholars (Lee & Simon, 2004; Schmidt & Wrisberg, 2004; Schmidt & Lee, 2005) , others (Wulf, Horger, & Shea, 1999; Wulf & Shea, 2002; Brady, 2004; Guadagnoli & Lee, 2004; Russell & Newell, 2007) have begun to question its efficacy in learning motor skills. Given that more than a quarter of a century has elapsed since the contextual interference phenomenon was proposed as a viable practice procedure, it is time to explore some of the possible reasons for the different views for its efficacy in learning motor skills.
The purposes of this paper are to assess the generalizability of the contextual interference to motor skills, to examine the theoretical basis for the effect, and to help guide future research in contextual interference and motor skills.
Generalizability of Contextual Interference and Motor Skills
A number of scholars (Adams, 1971 (Adams, , 1983 Hoffman, 1990; Newell & Rovegno, 1990) have argued strenuously against generalizing the findings from basic research to applied tasks. Adams (1971) claimed that given the variety and complexity of motor skills any generalization of research findings would be problematic. Further, Adams (1983) argued against applying concepts and terminology from the verbal to the motor domain. He stated that the verbal and motor memory were not the same a priori, and that empirical research did not support such compatibility. Adams (1983) alleged that by stressing the similarities in laws and concepts between diverse domains, some motor learning researchers tended to adopt theoretical explanations without domain-specific information warranting such actions. However, Shea and Zimny (1983) noted that while there was skepticism about the applicability of contextual interference procedures to motor skills, it was mainly due to the highly automated nature of the skills. This caveat notwithstanding, these researchers were confident that the contextual interference hypothesis was broad enough to provide a parsimonious explanation for many memory-related phenomena across different domains. Similarly, Hoffman (1990) was quite critical of the utility of simple laboratory tasks for understanding the processes undergirding complex motor skill acquisition. She noted that laboratory-based research lacked ecological validity as the tasks usually posed few motor demands, were cognitively loaded, required comparatively small amounts of practice to reach an asymptote, and often only required one degree of freedom of movement. In the motor learning domain, the constraints of a movement can be characterized by the number of the degrees of freedom of the joints, with one degree of freedom associated with each dimension in which a movement can occur (Proctor & Dutta, 1995) . In general, the greater the number of degrees of freedom, the greater the complexity of the skill or task to be learned. Hoffman also charged that pedagogical researchers have generally failed to recognize the vast differences between the instructional practices for motor skills and those required for other subjects. Newell and Rovegno (1990) also criticized some researchers for treating complex subject matter as simple, linear and decontextualized, and consequently, they ran the risk of creating abstract principles of motor learning that were inflexible and irrelevant for practice. Russell and Newell (2007) stated that the contextual interference effect had limited persistence and generality. These researchers claimed that random practice did not provide the learning benefits that were extensively proclaimed in the literature. Russell and Newel1 also alleged that data on the contextual interference effects were contaminated by transitory performance effects such as warm-up decrement. They also claimed that the contextual interference effect could be explained by the switch cost phenomenon (Rogers & Monsell, 1995) . According to this explanation, subjects using random practice learn not only to produce each movement as accurately and quickly as possible, but also to switch flexibly from one movement to the next. According to Rogers and Monsell, subjects in the random practice group learn to minimize the costs of switching tasks better than those using blocked practice methods. Zaichkowsky (1990) characterized attempts to generalize about instructional practices as impractical due to the diverse nature of motor skills.
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Hence, given the diversity and complexity of motor skills, generalizing across domains or skills probably will be unsuccessful.
To illustrate the difficulty of generalizing, Jenkins (1979) proposed a tetrahedral or triangular-type pyramid to indicate the possible mix of relationships among the four major components in research. These components included the subjects, instructions, practiced tasks, and criterion tasks. He claimed that the relationship among any of those components could be falsified or reversed by changes in the remaining ones, thereby making any generalization precarious. A cursory review of the extant literature on contextual interference is sufficient to realize that the effect is modified by a range of variables. Ollis, et al. (2005) , in applying the concepts of Jenkins' model, noted that there is a need to understand the interrelationships between expertise, complexity, task needs, and extent of contextual interference and other variables before a particular amount of contextual interference could be advocated as most beneficial. These researchers concluded that an overgeneralized, predetermined amount of contextual interference or a linear approach to understanding the influence of task complexity and experience in a real-world setting was inappropriate.
In recent years there appears to be converging evidence to support Swinnen's (1996) concern about the generalizability of findings from relatively simple tasks to the learning of more complex skills. Wulf, et al. (1999) supported Swinnen's position, and stated that the principles derived from the learning of simple skills do not generalize very well to complex skill learning. Perhaps Albaret and Thon (1998) have identified one factor that limits generalization. These researchers found that task complexity obscured the potential benefit of a random practice schedule. Albaret and Thon concluded that task complexity generated sufficient intratask interference to override the intertask interference created by a random practice schedule. Thus, they claimed that task complexity placed the subject trained under blocked practice in similar conditions to those trained under random practice. Therefore the contextual interference effect was modulated by the complexity of the task. Wulf and Shea (2002) , in a review of several practice variables, concluded unequivocally that the principles derived from the study of simple skills did not transfer to complex skill learning. They also stated that complexity was a multidimensional construct and hence difficult to quantify to assess its role in the contextual interference effect. More quantitative support for the differential effects of contextual interference on simple and complex tasks was obtained from a meta-analytic study, which found that basic research had an effect size of 3 7 , significantly greater than the obtained .19 effect size for applied research (Brady, 2004) . Age was also found to be a significant variable; the adult effect size was .50, while it was .10 for younger ages. Further analysis of the results showed that contextual interference in adults in applied settings had an effect size of .35, compared to .10 for younger groups. These effect sizes represent varying amounts of differences measured in standard deviation units. According to Cohen (1988) , an effect size of .2O is regarded as small, .50 moderate, and .80 large. However, Cohen cautioned that these values were very relative, especially to the amount of experimental control of extraneous variables and the reliabilities of the dependent measures. Further, he noted that since behavior is multiply determined by a variety of genetic and background experiential variables, it is unreasonable to expect any one independent variable to account for a large part of the variability in the dependent measure. Further, the results of Brady's meta-analytic study should be interpreted with caution, as he failed to differentiate between immediate and delayed retention scores, the latter being a better indicator of learning. Despite these limitations, it is clear that the contextual interference effect is considerably more robust in basic settings in comparison to field-based contexts. A number of scholars claim that the reason for the differential findings may be in the nature of the skills themselves, namely the complexity (Albaret & Thon, 1998; Wulf, et al., 1999; Wulf & Shea, 2002; Ollis, et al., 2005) . Guadagnoli and Lee (2004) offered a very plausible interpretation of the moderating influence of task difficulty or complexity on the contextual interference effect. These researchers conceptualized difficulty along two dimensions, namely, nominal task difficulty and functional task difficulty. The nominal difficulty of a task is deemed to reflect a fixed amount of difficulty, irrespective of who is performing the task or under what conditions. Nominal task difficulty includes the standard perceptual and motor requirements. However, while nominal task difficulty is a constant, functional task difficulty is relative to the skdl of the performer and to the conditions under which the task is being performed. According to Guadagnoli and Lee's "challengepoint" framework, learning is a function of the information available and interpretable in a performance context. The challenge point is contingent upon an optimal amount of information which varies as a function of the skill of the individual and the difficulty of the task to be learned. Thus, it can be argued that the less robust effects of contextual interference in applied settings may be the result of both high nominal and functional difficulty that preclude the individual from developing an optimum challenge point for learning. In contrast, the greater efficacy of the contextual interference effect in basic research could be attributed to similar nominal and functional difficulty for the individual.
Theoretical Basis
The two predominant explanations for the contextual interference effect F. BRADY are the elaboration hypothesis (Shea & Zimny, 1983 ) and the action plan reconstruction hypothesis (Lee & Magill, 1985) . According to the elaboration hypothesis, which is derived from the levels of processing framework of memory (Cuddy & Jacoby, 1982) , subjects using a random practice schedule engage in more elaborative and distinctive processing due to the simultaneous presence of the to-be-learned items in working memory. This process, according to Shea and Zirnny, facilitates the identifications of similarities and differences among the items, ultimately leading to a more ingrained and embellished memorial representation. Battig (1979) claimed that the facilitatory effect of random practice occurred due to the increased depth of encoding and breadth of processing which he considered to be the causes of the longterm memory effects. In contrast, the use of a blocked practice regimen resulted in only one item residing in working memory, thereby precluding additional and deeper processing, and consequently leading to a more impoverished encoding context. Shea and Zimny, despite acknowledging that motor learning and verbal learning were quite different from each other, claimed that both tasks could be conceptualized as cognitive processing activities. Similarly, Carlson and Yaure (1990) stated that the consistency of the contextual interference effects across domains resulted from the emphasis in cognitive factors. In addition, Carlson and Yaure claimed that there was abundant evidence to show that skilled performance in the perceptual, cognitive, and motor domains shared similar underlying mechanisms.
However, Lee and Magill (1985) stressed that the elaboration hypothesis was an inadequate explanation as it could not satisfactorily account for the random group's acquisition deficits. In addition, they cited the circularity problem that had been identified by Adams (1983) . Instead, Lee and Magill proposed the forgetting or action plan reconstruction hypothesis. According to this explanation, the learner is required to reformulate the action plan on each attempt under a random practice schedule, as it has been forgotten or purged by intervening items. Therefore, the learner is required to engage in more effortful reconstructive processing to regenerate the action plan for subsequent performances. However, under a blocked practice schedule, there is little opportunity for forgetting to occur as the action plan remains in working memory, and thus can be re-enacted on successive attempts. The basic premise of this explanation is that the action plan is just remembered, circumventing much processing under a blocked schedule, while it has to be fully reconstructed under a random practice schedule. The action plan reconstruction hypothesis originated from the spacing of repetitions effect in the verbal domain (Cuddy & Jacoby, 1982) . According to this view, blocked or repetitive practice results in diminished and deficient processing and eventually habituation, whereas random practice leads to more effortful and effective processing, hence deeper learning.
While Lee and Magill (1985) and Shea and Zimny (1983) proposed alternate hypotheses for the contextual interference effect, Young, Cohen, and Husak (1993) stated that these explanations should not be regarded as mutually exclusive as they shared two common features. Both require the performer to engage in more effortful processing, or increased cognitive activity, thus facilitating the retrieval processes. The explanations of Lee and Magill, and Shea and Zimny are very similar to Pass (1992) . H e stated that random practice increased cognitive load by requiring subjects to invest more mental effort into cognitive activities that led to the formation of more robust cognitive schemata. According to Pass, these schemata increased the memorability of an item and decreased the dependency on reinstating the encoding context, leading to long term retention and transfer effects.
While the increased emphasis on cognitive factors to explain the contextual interference effect in the verbal and academic domain is quite plausible, it is more problematic for motor skills. A number of models of skill acquisition (Fleishman & Hempel, 1954; Fitts & Posner, 1967; Ackerman, 1988 ) attribute a diminishing role to cognitive factors as skill increases. The natural progression in skill acquisition is to reach the stage of automaticity as quickly as possible, not to delay it as would seem to be the effect of contextual interference. As proficiency in motor skills increases, the mode of control shifts from closed loop, which is relatively slow and attention demanding, to open-loop control, which is more automatic and less attention demanding. Open-loop control is indicative of decentralized motor learning which is a concomitant of diminished cognitive activity. These differential methods of control are similar to Schneider and Schiffrin's (1977) conceptualization of controlled and automatic models of processing. Jelsma and Pieters (1989) noted that the contextual interference effect was due to the intensified use of controlled processing and a delay in automatization of the task. However, they noted that this process only was applicable to easy tasks.
The increased cognitive effort, while facilitatory in the academic domain, may be inhibitory in the motor domain. It may impair learning of motor skills as indicated by Fuch's (1962) progression-regression hypothesis. According to the regression portion of the hypothesis, the learner regresses to a simpler level of control under stressful conditions or difficult conditions or when forgetting of the movement has occurred. This effect may be similar to the Bliss-Boder effect, namely that performance is sometimes impaired by encouraging learners to focus attention on an aspect of the movement that was hitherto performed automatically or subconsciously (Schmidt & Wrisberg, 2004) .
Perhaps another factor to account for the lesser contextual interference effects in motor skills could be attributed to Newell and Rovegno's (1990) contention. These researchers contended that extrapolations from basic re-search for improving motor skills were based upon the erroneous assumption that declarative knowledge automatically enhanced procedural knowledge. Anderson (1982) developed a framework for the acquisition of cognitive skills based upon declarative and procedural knowledge. According to Anderson, declarative knowledge is a body of facts and information organized into a propositional network. This knowledge consists of rules, strategies, and the components and the sequence of a skill. In contrast, procedural knowledge, which includes implicit knowledge, entails knowing how to perform a skill. Zelaznik (1990) argued that motor skill proficiency was principally a function of procedural knowledge, while achievement in the cognitive or verbal domains was related to declarative knowledge. Yoon (1994) has argued that the contextual interference effect affects declarative knowledge but not procedural knowledge. In addition, he claimed that much of the basic research on the contextual interference effect was based upon declarative knowledge.
Future Applications of Contextual Interference
There is a growing consensus (Albaret & Thon, 1998; Wulf, et al., 1999; Wulf & Shea, 2002; Brady, 2004; Guadagnoli & Lee, 2004 ) that the contextual interference effect has not translated into major benefits for the physical educator. Still, Lee and Simon (2004) noted that the benefits favor random practice but the effect is much smaller (Brady, 2004) . Various reasons such as the complexity of the tasks, the nominal and functional difficulty, and the extent and length of the contextual interference regimen have been proposed for the smaller effects in comparison to basic research. Perhaps the efficacy of the contextual interference effect could be enhanced for the practitioners by adopting the challenge point framework of Guadagnoli and Lee and the contextual interference continuum of Landin and Hebert (1997) . Landin and Hebert (1997) claimed that eliciting the contextual interference effect was severely limited by overreliance on extremes of the contextual interference continuum. These researchers hypothesized that moderate contextual interference would combine the best features of both practice regimens. Landin and Hebert's concept of mixed or moderate amounts of contextual interference would appear to align with Guadagnoli and Lee's idea of manipulating the functional difficulty of the tasks. According to Landin and Hebert, moderate contextual interference would afford the learner the opportunity to make and consolidate skill adjustments. Thus there is less opportunity for the individual to be overwhelmed by the task demands as in a random schedule of practice. Landin and Hebert's study of the basketball set shot, using three different amounts of contextual interference, demonstrated clearly that moderate contextual interference produced the best re-sult. When compared to high contextual interference, the effect size for moderate amounts was 3 3 . These researchers concluded that the optimal schedule may be determined by the learner's proficiency. Lee and Simon (2004) noted that hybrid practice schedules showed promise for facilitating learning, but also for future and applied research. Guadagnoli and Lee's (2004) challenge-point framework, which is based on the concepts of nominal and functional difficulty, also shows much promise for the practitioners if these concepts can be implemented into practical strategies. According to this framework, an optimal interpretable amount of information is required for learning to occur; this is a function of the s k d of the individual and the difficulty of the task to the learner. Perhaps the strongest support for Guadagnoli and Lee's (2004) challenge-point framework comes from Hall, Domingues, and Cavazos' (1994) study of skilled college baseball players. In the study, 30 players were randomly assigned to one of three practice groups: control, blocked, or random. The groups practiced fastballs, curve balls, and change-up pitches twice a week for six weeks. The results were impressive: the random group improved on a transfer test by 57%, the blocked group 2594, and the control group 6%. Apparently based on nominal and functional difficulty of the task for these players, an optional learning situation existed. Thus learning is dependent upon functional task difficulty, which is determined by the ability of the performer, the complexity of the task, and the conditions of practice. Therefore, the challenge for the practitioner in optimizing the contextual interference effect is difficult. Ollis, et al. (2005) summarized the challenge by stating that a broad, pre-determined amount of contextual interference or a linear approach to understanding the influence of task complexity and experience was unsatisfactory. They concluded that there is a need to clearly understand the interrelationships between expertise, complexity, task needs, and other influencing variables before explicit amounts of contextual interference can be advocated as beneficial.
Conclusion
From the foregoing review, it appears that the contextual interference effect has not resulted in a substantial benefit for the practitioner as originally predicted by Shea and Morgan (1979) . Though there are reservations about the robustness of the contextual interference effect, Lee and Simon (2004) noted that when differences do occur due to practice regimens, the differences, though small, still tend to favor retention and transfer following the use of a randomized practice schedule. Though the effect sizes for the contextual interference effect may be relatively small, Cohen (1988) stated that the practical significance should be determined tangibly, i.e., in terms of efficiency and effectiveness. French, Rink, and Werner (1990) cautioned that the adoption of a random practice schedule posed organizational problems for some teachers. French, et al. (1990) also listed other difficulties such as disruption, loss of time, and equipment use that might mitigate potential benefits from a random practice schedule. The considerably smaller effect in the motor domain may be accounted for by Albaret and Thon's (1998) claim that if the tasks are sufficiently complex, individuals even under a blocked practice schedule will be maximally engaged. Wulf and Shea (2002) also contributed to Albaret and Thon's contention, stating that the principles derived from the study of simple skills do not generalize very well to the learning of complex skds. To optimize the benefits of the contextual interference, it seems prudent for practitioners to be cognizant of the implications of Guadagnoli and Lee's (2004) framework for conceptualizing difficulty and Landin and Hebert's (1997) continuum of contextual interference. With regard to explanations for the contextual interference effect, the predominant ones, while plausible in the academic domain, are problematic in the motor domain. Lee and Simon (2004) noted that the differential benefit in blocked and random practice schedules could simply be attributed to random practice being more interesting. Russell and Newell's (2007) contention that random practice simply minimizes the costs of switching tasks seems plausible and warrants further research. The latter suggestions are similar to Ockham's Law: that among competing explanations of a phenomenon, the simplest one may be correct.
